
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Determination of Physostigmine in Plasma by Liquid Chromatography
with Dual Electrode Amperometric Detection
Karin Isakssona; Peter T. Kissingerb

a Department of Analytical Chemistry, Uppsala University, Uppsala, Sweden b Chemistry Department
Purdue, University West Lafayette, Indiana

To cite this Article Isaksson, Karin and Kissinger, Peter T.(1987) 'Determination of Physostigmine in Plasma by Liquid
Chromatography with Dual Electrode Amperometric Detection', Journal of Liquid Chromatography & Related
Technologies, 10: 10, 2213 — 2229
To link to this Article: DOI: 10.1080/01483918708068906
URL: http://dx.doi.org/10.1080/01483918708068906

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918708068906
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 10(10), 2213-2229 (1987) 

DETERMINATION OF PHYSOSTIGMINE IN 
PLASMA BY LIQUID CHROMATOGRAPHY 

WITH DUAL ELECTRODE AMPEROMETRIC 
DETECTION 

Karin Isakssonl and Peter T. Kissinger2 
1Department o f  Analytical Chemistry 

Uppsala University, Box 531 
S-751 21 Uppsala, Sweden 
2Chemistry Department 

Purdue University 
West Lafayette, Indiana 47907 

ABSTRACT 

Physostigmine i n  plasma i s  determined a f t e r  s o l i d  phase 
e x t r a c t i o n .  I o n - p a i r  l i q u i d  chromatography i s  used f o r  the  
s e p a r a t i o n  and d u a l  e l e c t r o d e s  i n  a se r ies  mode are used f o r  the  
d e t e c t i o n .  Physostigmine i s  f i r s t  oxidized a t  +1.0 V and the 
r e a c t i o n  p r o d u c t  formed i s  de termined by r e d u c t i o n  a t  +0.10 V 
versus  Ag/AgCl. The s o l i d  phase e x t r a c t i o n  g i v e s  a recovery o f  
62 ? 6% (n=5) f r o m  plasma spiked with physostigmine t o  a 
c o n c e n t r a t i o n  o f  14 ng/mL. A detec t ion  l i m i t  o f  0.5 ng/mL i s  
obtained from a sample o f  2 mL plasma. 

INTRODUCTION 

Physos t igmine (Phy)  ( e s e r i n e )  i s  an a l k a l o i d  ex t rac ted  from 

t h e  Ca labar  bean (Physos t igma Venenosum) and i t  has l o n g  been 

used i n  ophta lmo logy  ( 1 ) .  Today Phy i s  s t i l l  m a i n l y  used as  a 
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2214 ISAKSSON AND KISSINGER 

miotic (21, but also as an antidote for poisoning by anti- 
cholinergic drugs ( 3 )  and for reversing anti-cholinergic effects 
e.g. in connection with anaesthesia (4).  Recently, its inhibiting 
effect on acetylcholinesterase has been investigated for the 
treatment of senile dementia in Alzheimer's disease (5 )  and 
for its possible prophylactic function in the defense against 
organofluorophosphate intoxication (6). 

Analytical methods such as colorimetry (71, GLC (8) and 
TLC ( 9 )  have been applied for the determination of Phy in 
pharmaceutical preparations. For the low concentrations of Phy 
present in biological samples like blood, plasma and brain tissue, 
previous methods include an enzymatical (10) and several liquid 
chromatographic with UV (11-13) or  electrochemical detection (14, 

15) .  The most successful result in terms of detection limit has 
been reported by Whelpton and Moore (15) who used a silica column 
at pH 8 . 9 .  After alkaline extraction of 4 mL plasma, concentrating 
it to 60 pL and injecting 50 pL, it was possible to determine 
Phy in plasma at the 25 pg/mL level with a R.S.D. of 19.6% (n=5). 

In this paper we report on a different approach to the 
development of a method for the determination of Phy in blood 
plasma. Phy is known to rapidly decompose in alkaline solution with 
the formation of the hydrolyzed products eseroline (Ese) and 
rubreserine (Rub) (16). Therefore we have avoided alkaline 
conditions. For the clean-up step we utilized an acidic solid 
phase extraction including ion-pairing. This is a modified version 
of the method described by Hsieh, Yang and Davis (12) and it offers 
a 20-fold pre-concentration of the sample. For the LC separation a 
reversed phase ion-pair system was chosen. Phy is positively 
charged in the pH region used with silica based bonded phase 
columns and ion-pairing provides symmetrical peak shape and high 
efficiency, further improved by the use of a slightly elevated 
temperature. Initial cyclic voltammetry studies revealed certain 
electrochemical properties of Phy which could be advantageously 
applied to dual electrode detection. The system was optimized by 
recording a hydrodynamic voltammogram (HDV), the use of three 
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PHYSOSTIGMINE IN PLASMA 2215 

work ing  e lec t rodes  (see experimental sect ion) and considerat ion o f  

the in f luence o f  f low r a t e  and spacer th ickness on the  amperometric 

response versus noise. The complete assay i s  evaluated i n  terms o f  

l i n e a r i t y ,  recovery and de tec t ion  l i m i t .  

EXPERIMENTAL 

Instrumentation: 

The LCEC system was a B i o a n a l y t i c a l  Systems LC-304 with an 

LC-23A column h e a t e r  and an LC-22A temperature c o n t r o l l e r  

(B ioana ly t i ca l  Systems, West Lafayette,  IN). Two LC-48 amperometric 

c o n t r o l l e r s  were used f o r  the  dual  e lec t rode detect ion.  The 

t h i n - l a y e r  c e l l  was equipped w i t h  an experimental array o f  th ree  

s e r i e s  g lassy  carbon electrodes o f  which the  two f i r s t  were 

c o n t r o l l e d  a t  a common p o t e n t i a l  E,, and the t h i r d  e lec t rode a t  a 

p o t e n t i a l  E2. A Ag/AgCl reference electrode was used. The i n j e c t o r  

v a l v e  was a Rheodyne Model 7125 w i t h  a 20 ~.IL i n j e c t o r  loop and 

chromatograms were reco rded  on a dual-pen s t r i p  c h a r t  recorder 

(Houston I n s t r u m e n t s ) .  A Biophase Octylcolumn, 250 x 4.6 mm o f  

p a r t i c l e  s i z e  5 pm, was used. 

Fo r  c y c l i c  voltammetry, a BAS 100 Electrochemical Analyzer was 

employed w i t h  an Auto Cell stand, a glassy carbon working 

e l e c t r o d e ,  a P t  w i r e  a u x i l i a r y  e lec t rode and a Ag/AgCl reference 

e lec t rode ( B i o a n a l y t i c a l  Systems). 

The C18-SepPak c a r t r i d g e  (Waters) was pre-wet with 3 mL o f  

methano l  ( r e d i s t i l l e d )  and 5 mL o f  water.  One mL o f  0.5% (w/v) 

sodium dodecy lsu lpha te  (SDS) (Sigma, S t  Louis, MO) was added t o  2 

mL o f  plasma and mixed b e f o r e  passing it through the  SepPak. The 
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2216 ISAKSSON AND KISSINGER 

e x t r a c t i o n  column was t h e n  c o n s e c u t i v e l y  f l u s h e d  w i t h  two 5 mL 

p o r t i o n s  o f  water, 3 mL 60% methanol and f i n a l l y  1 mL methanol, a t  

a f l o w  r a t e  n o t  exceed ing  2 mL/min. The methano l  f r a c t i o n  was 

evapora ted  under a gent le  stream o f  N2 a t  about 3OoC and the  

r e s i d u e  was d i s s o l v e d  i n  100 pL 40% a c e t o n i t r i l e .  The sample was 

f i l t e r e d  on a m i c r o f i l t e r  system ( B i o a n a l y t i c a l  Systems) be fore  

i n j e c t i n g  i t  o n t o  t h e  l i q u i d  chromatograph. The volume o f  sample 

was enough f o r  dup l i ca te  i n j e c t i o n s  when so desired. 

The mobi le phase consisted o f  60% b u f f e r  pH 3.0, made up f rom 

0.1 M sodium dihydrogen phosphate (Mal l inckrodt,  S t  Louis, MO) and 

0.1 M phosphoric a c i d  (85% Fisher,  F a i r  Lawn, NJ), 40% a c e t o n i t r i l e  

(Omniso lv )  and 1.0?6 (w/v) (34 mM) SDS. The f low r a t e  was 2 mL/min 

and the  column temperature was se t  a t  35OC. 

A s t o c k  s o l u t i o n  o f  Phy ( f r e e  base, Sigma) was prepared i n  

a c e t o n i t r i l e  w i t h  a c o n c e n t r a t i o n  o f  10 mM. T h i s  s o l u t i o n  was 

s t a h l e  f o r  s e v e r a l  months when kept re f r i ge ra ted .  A l l  water used 

was d e i o n i z e d  and f i l t e r e d  t h r o u g h  a water  p u r i f i c a t i o n  system 

(Barnstead). 

RESULTS AND DISCUSSION 

Electrochemistry: 

C y c l i c  vo l tammet ry  (CV) was r u n  on Phy a t  pH 5, 6 and 7 t o  

i n v e s t i g a t e  the  s u i t a b i l i t y  o f  using electrochemical  de tec t ion  f o r  

an LC determinat ion o f  t h i s  compound. The CV scans recorded a t  pH 5 

a t  two d i f f e r e n t  sweep r a t e s  a r e  shown i n  F i g u r e  1. I n  sweep A 

t h e r e  i s  an o x i d a t i o n  peak a t  +0.80 V and on the  reve rsa l  scan a 

reduc t ion  peak a t  +0.20 V. I n  sweep B, recorded w i t h  5 t imes fas te r  

sweep ra te ,  a reduc t ion  peak R appears a t  +0.70 V. On a second scan 

( n o t  shown i n  f i g u r e )  a new ox ida t i on  peak a t  c0.30 V i s  obtained 

i n  add i t i on  t o  the  other th ree  peaks. These r e s u l t s  i n d i c a t e  an ECE 

mechanism where the  ox id ized  product formed a t  the electrode 
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PHYSOSTIGMINE IN PLASMA 2217 

FIGURE 1 .  Cyclic voltammetry scans of 2.5 mM Phy in acetate 
buffer pH 5 .  Initial potential: 0 mV. Sweep direction: 
positive. Reversal potential: +1.0 V. Sweep rates: 
A, 50 mV/s; 6, 250 mV/s. 

surface undergoes a chemical reaction to yield another electro- 

active compound. In a pH 6 solution the same main characteristics 
appear in the CV scans, but with the potentials perturbed about 60 

mV towards more negative values, indicating the involvement of one 
proton per electron in these electron transfer reactions. At pH 7 

no reduction peak B can be found, not even at a fast scan rate o f  

1.0 V/s. A new reduction peak appears at a more negative potential, 
-0 .1  V, indicating the formation of one more electroactive 
substance by some chemical reaction. Further investigations of 
these features were performed by coulometry and chronoamperometry 
and these results have been presented ( 1 7 ) .  The proposed electro- 
chemical pathways are outlined in Figure 2. It was found that the 
number of electrons transferred are 2 in each process and that the 
irreversible chemical reactions occurring are favoured by an 
alkaline pH. 
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2218 ISAKSSON AND KISSINGER 

GH3 CH3 cH3 cH3 

W 

H\ I I  

c J - c - o o - ,  

CH3 CH3 
I 1  

CH3 CH3 CH3 CH3 

CH3 CH3 

(Rub) 

FIGURE 2 .  Electrochemical pathways of Phy. 

Dual electrode detection: 

Dual working electrodes in series were chosen for Phy detection. 
Phy is here oxidized upstream at a potential of +1.0 V. On the time 
scale of this experiment the main part of the oxidation product has 
converted into compound C (as  shown in the scheme above) when the 
analyte reaches the downstream electrode where C can be reduced at 
the moderate potential o f  +0.1 V .  What we gain by determining Phy 
at +0.1 V instead o f  at +1.0 V is low background current, yielding 
a stable baseline with improved signal to noise ratio, and higher 
selectivity, since very few compounds are reduced at +0.1 V 

compared to those oxidized at +1.0 V .  An HDV was recorded at pH 3 
by injection of Phy a t  each potential setting o f  E2 in the range 
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- ired 
iox 

-X-s( 

- 0.2 

0.4 

FIGURE 3 .  Hydrodynamic voltammogram o f  Phy recorded at pH 3 .  
E l =  +1.0 V and E 
is calculated an2 plotted versus potential E 

is varied. The current ratio i2/il 
2 '  

-0.2 - +1.0 V while El was held constant at +1.0 V (Figure 3 ) .  

From this plot the optimal potentials were chosen to be E - c1.0 V 
and E 2 =  c0.1 V where the current is mass transport limited as 
indicated by the plateau on the HDV i n  these regions. 

A small enhancement (15X) of the reduction peak current was 

obtained when a two-electrode cell was replaced by a n  experimental 
three-electrode cell with the two first electrodes connected and 

1- 
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2220 ISAKSSON AND KISSINGER 

h e l d  a t  +1.0 V t o  g i v e  a l a r g e r  p r o d u c t i o n  o f  o x i d i z e d  Phy. Another  

e n h a n c e m e n t  o f  t h e  s i g n a l  o f  a b o u t  20% was o b t a i n e d  when t h e  flow 

r a t e  was i n c r e a s e d  from 1 mL/min t o  2 mL/min. Arnperometric 

d e t e c t i o n  is f l o w  r a t e  dependent  because  o f  mass t r a n s p o r t  t o  t h e  

e l e c t r o d e  s u r f a c e  ( 1 8 ) .  T h i s  is d e s c r i b e d  by t h e  e q u a t i o n  for  t h e  
mass t r a n s f e r  c o e f f i c i e n t  h = l  .467(D/b)2’3(g/A)1/3,  where 0 is  

t h e  d i f f u s i o n  c o e f f i c i e n t ,  b i s  t h e  t h i c k n e s s  of t h e  t h i n - l a y e r  

c h a n n e l ,  U is  t h e  a v e r a g e  f low ra te  and A is t h e  e l e c t r o d e  

area.  The i n c r e a s e  i n  f l o w  r a t e  d i d  n o t  have any a d v e r s e  effect  

on  c h r o m a t o g r a p h i c  r e s o l u t i o n  and was c o n s i d e r e d  p r e f e r a b l e ,  

r e s u l t i n g  i n  o n l y  h a l f  t h e  a n a l y s i s  time. The 2 5  cm o c t y l  column 

w i t h  t h i s  f l ow ra te  and a column t e m p e r a t u r e  of 35OC gave  a 

b a c k p r e s s u r e  o f  2800 p s i  which is a c c e p t a b l e .  A t h i r d  improvement 

o f  t h e  r e s p o n s e  was o b t a i n e d  when t h e  s p a c e r  o f  t h e  t h i n - l a y e r  c e l l  

was r e p l a c e d  w i t h  o n e  o f  t h i n n e r  d i m e n s i o n .  Changing t h e  s p a c e r  

t h i c k n e s s  f r o m  1 2 5  um t o  50 pm improved t h e  r e d u c t i o n  peak h e i g h t  

2 . 4  t imes.  T h i s  is  i n  approx ima te  agreement  w i t h  t h e  dependence of 

c u r r e n t  o n  t h i n - l a y e r  t h i c k n e s s  as d e s c r i b e d  by t h e  e q u a t i o n  f o r  

t h e  mass t r a n s f e r  c o e f f i c i e n t  g i v e n  above. Noise l e v e l s  were 

r e c o r d e d  a t  1 nA f u l l  scale unde r  b o t h  c o n d i t i o n s  and no d i f f e r e n c e  

was a p p a r e n t .  The r e s p o n s e  was found t o  be  l i n e a r  t h r o u g h o u t  t h e  

c o n c e n t r a t i o n  r a n g e  i n v e s t i g a t e d ,  10-8-10-5 M Phy, w i t h  a 

c o r r e l a t i o n  c o e f f i c i e n t  of 0.999996. 

- 

Chromatographic system: 

Phy is  an  amine w i t h  a pKa2 v a l u e  of 8.0 a t  25OC a s  
d e t e r m i n e d  by  C h r i s t e n s o n  ( 1 9 )  a n d  i s  t h e r e f o r e  p r o t o n a t e d  and 

p o s i t i v e l y  c h a r g e d  t h r o u g h o u t  t h e  pH-range used w i t h  bonded phase  

s i l i c a  c o l u m n s ,  I o n - p a i r  chromatography w i t h  some a l k y l s u l f a t e  or 
a l k y l s u l f o n a t e  as t h e  i o n - p a i r i n g  a g e n t  is o f t e n  used  satis- 

f a c t o r i l y  i n  similar cases. T h i s  was i n i t i a l l y  t r i e d  w i t h  an  

ODs-column, b u t  w i t h o u t  s a t i s f a c t o r y  r e s u l t s .  G e n e r a l l y ,  a low 
p l a t e  number was c a l c u l a t e d ,  50 - 1000, w i t h  low peak symmetry and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
0
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PHYSOSTIGMINE IN PLASMA 2221 

poor r e p r o d u c i b i l i t y .  When the  ODs-column was replaced by an 

Octyl-column, per fo rmance was improved c o n s i d e r a b l y .  F i g u r e  4 

i l l u s t r a t e s  t h i s  d i f f e r e n c e  i n  performance using the same mobile 

phase w i t h  b o t h  t y p e s  o f  columns. Despite the  h igh  concentrat ion 

( 3 4  mM) o f  SDS i n  the  mobile phase, the  dominating r e t e n t i o n  

mechanism i s  by i o n  i n t e r a c t i o n  r a t h e r  than  m i c e l l a r  chromato- 

graphy ( 2 0 ) .  Th is  i s  noted from the  way i n  which r e t e n t i o n  

i n c r e a s e s  with inc reas ing  concentrat ion o f  SDS. The c r i t i c a l  

m i c e l l e  concent ra t ion  f o r  SDS i n  water i s  on ly  8 mM, bu t  the  

c o n t e n t  o f  o r g a n i c  s o l v e n t  i n  t h i s  mobile phase seems t o  prevent 

t h e  fo rma t ion  o f  micel les.  SDS was chosen pre ferab ly  t o  any 

s m a l l e r  a l k y l s u l f a t e  because Phy e lu tes  l a t e r  than a l l  other 

ma jor  peaks i n  t h e  plasma chromatogram a v o i d i n g  in te r fe rences .  

T h i s  chromatograph ic  system a l s o  o f f e r s  a complete separat ion o f  

Phy from i t s  decompos i t i on  p r o d u c t s  Ese and Rub, as v e r i f i e d  by 

i n j e c t i o n  o f  these compounds (21 ) .  

Plasma clean-up: 

Since  Phy i s  r a p i d l y  and i r r e v e r s i b l y  hydrolyzed i n  a l k a l i n e  

s o l u t i o n ,  t h e  a l k a l i n e  e x t r a c t i o n  used by Whelpton and Moore (15) 

was cons ide red  n o t  d e s i r a b l e  f o r  t h e  clean-up step. Instead the 

a c i d i c  s o l i d  phase e x t r a c t i o n  described by Hsieh, Yang and Davis 

( 1 2 )  was t e s t e d .  T h e i r  procedure was modif ied by us t o  t he  method 

d e s c r i b e d  i n  the  experimental sect ion.  This procedure gave a 

recove ry  o f  62 f 6% ( n 5 )  from plasma spiked w i t h  Phy t o  a 

c o n c e n t r a t i o n  o f  14  ng/mL. Chromatograms o f  a b lank ,  a s p i k e d  

plasma and a s t a n d a r d  are shown i n  F igure  5 a-c. Since the  sample 

i s  concent ra ted  20 t imes dur ing  pretreatment the  i o n i c  s t rength  o f  

t h e  sample i s  q u i t e  h igh  and t h i s  gave rise t o  some problems w i t h  

system peaks (22) .  However, i t  was found t h a t  a h igh  concentrat ion 

o f  i o n - p a i r i n g  agent  t o  a l a r g e  e x t e n t  suppressed these  peaks 

and t h i s  was taken i n t o  cons idera t ion  when the  mobile phase 

c o m p o s i t i o n  was op t im ized .  When t h e  recovery  o f  Phy from spiked 
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A B 

1 
1 

Q5nA ired 

Y 

0 5 
[mL1 

0 5 

[ mL1 

FIGURE 4. Chromatograms of 0.5 ng injected Phy on two columns o f  
same dimensions and particle size. A, UDS column; B, 
Octyl column. Mobile phase: 40% acetonitrile, 60% 0.1 M 
citrate buffer pH 3.7, 5 mM octylsulfate. 
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T 

i. 

5nA iox 

1 
FIGURE 5. Chromatograms o f :  A ,  Standard, 0.5 ng injected; B, 

Plasma spiked with 14 ng/mL; C, Plasma blank. The 
retention time o f  Phy is indicated with an arrow. Peak 
(1) is a system peak and peak ( 2 )  appeared in some 
samples, but was adequately resolved from Phy. 
Chromatographic conditions as in experimental section. 

(continued) 
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FIGURE 5B 
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FIGURE 5C 
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plasma was investigated it was found to be not quite linear. At a 
concentration o f  1 ng/mL the recovery was 3576, at 10 ng/mL it was 
53% and at 100 ng/mL the recovery was 63%. This non-linearity can 
o f  course be circumvented by the use of an internal standard with 
the same extraction characteristics as Phy and similar electro- 
chemical properties. Whelpton and Moore (15) e.g. used the 
N,N-dimethylcarbamate analogue o f  Phy for this purpose. Another 
possibility could be to use an acidic liquid-liquid extraction such 
the method developed by Somani and Khalique (13). 

Other workers have reported on the limited stability of Phy in 
plasma due to enzymatic hydrolysis (15).  It has been reported that 
addition o f  neostigmine to the plasma inhibits this decomposition 
by competing f o r  the enzymatic reaction sites. If neostigmine was 
added immediately to the sample and Phy was determined within 6 
hours when stored at - 1 2 O C  this has been found to be a sufficient 
precaution. However, storage f o r  several days is not possible as 
noted when samples from patients were sent to us, where only 20% of 
Phy remained after 3 days o f  storage at -2OOC. This is clearly a 
challenging assay from biochemical, chemical and chromatographic 
points of view. 

S W R Y  

In this assay for the determination of Phy in blood plasma we 
have utilized the special electrochemical properties o f  Phy, which 
were initially investigated by cyclic voltammetry. The use o f  

series dual electrode detection where the first electrode serves 
as a generator of the species detected at the second electrode, 
offers certain advantages. The detection potential of +0.1 V made 
accessible by this approach, offers low background current yielding 
a stable baseline with improved signal-to-noise ratio, as compared 
to direct oxidation of Phy at +1.0 V .  Furthermore, the selectivity 
is much improved which is highly desirable when determining trace 
amounts o f  analyte in a complex sample. 
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Reverse phase ion-pair chromatography was found to give 
symmetrical peak shape and satisfactory chromatographic separation 
o f  Phy from other plasma components as well as from its de- 
composition products Ese and Rub. Using the method described, 
where a 2 mL plasma sample is concentrated to 100 pL and 20 uL is 
injected, gives a detection limit for Phy o f  0.5 ng/mL. Un- 
fortunately, the solid phase extraction did not yield constant 
recovery in the interesting low concentration range, most likely due 
to adsorption. Furthermore, the limited stability of Phy in plasma 
due to enzymatic decomposition has to be considered for an accurate 
determination, 

(7) 
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